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ABSTRACT 



Objectives: The purpose of present article was to review aetiological factors, mechanism, clinical symptoms, and diagnostic 
methods as well as to create treatment guidelines for the management of inferior alveolar nerve injury during dental implant 
placement. 

Material and Metliods: Literature was selected through a search of PubMed, Embase and Cochrane electronic databases. The 
keywords used for search were inferior alveolar nerve injury, inferior alveolar nerve injuries, inferior alveolar nerve injury 
implant, inferior alveolar nerve damage, inferior alveolar nerve paresthesia and inferior alveolar nerve repair The search was 
restricted to English language articles, published from 1972 to November 2010. Additionally, a manual search in the major 
anatomy, dental implant, periodontal and oral surgery journals and books were performed. The publications there selected by 
including clinical, human anatomy and physiology studies. 

Results: In total 136 literature sources were obtained and reviewed. Aetiological factors of inferior alveolar nerve injury, risk 
factors, mechanism, clinical sensory nerve examination methods, clinical symptoms and treatment were discussed. Guidelines 
were created to illustrate the methods used to prevent and manage inferior alveolar nerve injury before or after dental implant 
placement. 

Conclusions: The damage of inferior alveolar nerve during the dental implant placement can be a serious complication. 
Clinician should recognise and exclude aetiological factors leading to nerve injury. Proper presurgery planning, timely 
diagnosis and treatment are the key to avoid nerve sensory disturbances management. 
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INTRODUCTION 

In 1995 Worthington wrote: "The number of practitioners 
performing implant surgery has increased dramatically 
over the last fifteen years. As confidence is gained they 
tend to accept increasingly challenging cases and it 
is to be expected that the incidence of problems and 
complications will increase" [i]. It was discerning 
remark, however, it remains a serious complication and 
many had reported the incidence, varies fi^om 0 to 40%, 
of implant related inferior alveolar nerve (IAN) injuries 
[ 2-16 ]. The damage can result irom the traumatic local 
anaesthetic injections or during the dental implant site 
osteotomy or placement [12]. This damage is one of 
the most unpleasant experiences, from mild paresthesia 
to complete anaesthesia and/or pain [15], for both the 
patient and the dentist. As a result, many functions such 
as speech, eating, kissing, make-up application, shaving 
and drinking will be affected [8]. 
The IAN supplies the mandibular molar and premolar 
teeth and adjacent parts of the gingival. Its larger 
terminal branch emerges from the mental foramen as 
the mental nerve. Three nerve branches come out of 
the mental foramen. One innervates the skin of the 
mental area, and the other two proceed to the skin of 
the lower lip, mucous membranes, and the gingiva as 
far posteriorly as the second premolar. The incisive 
branch, a continuation of the IAN, supplies the canine 
and incisor teeth [8,10]. 

It is interesting to know that the IAN is most commonly 
injured nerve (64.4%), followed by the lingual nerve 
(28.8%) [13]. The differences between IAN injuries 
and other peripheral sensory nerve injuries, are 
predominantly iatrogenic and not resolved within the 
first 8 weeks after injury. The closed injuries can also 
occur that often delays diagnosis and treatment [17]. 
This injury influences patient's quality of life and the 
iatrogenesis of these damages compound the negative 
psychological effects of these injuries [10]. Once it 
happens, the dentist should provide the appropriate care 
and treatment to the patient, as soon as it is possible. 
The authors of this review paper have previously 
published a series of articles related to the mandibular 
vital structures anatomy, techniques available 
for identifying of these structures and make the 
recommendations of how to avoid nerve damage, when 
performing oral implants [ 18-20 ]. The best way to 
prevent these damages is to have clear three-dimensional 
vision of the jaw. This can be achieved by combining 
the practical knowledge of basic mandibular anatomy 
and the data obtained from clinical and radiological 
examination. Currently, guidelines for the management 
of implant related nerve injury is lacking. Therefore, 
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the purpose of present article were to review aetiological 
factors, mechanism, clinical symptoms, diagnostic 
methods and treatment as well as to create guidelines 
for the management of inferior alveolar nerve injury 
before or after dental implant placement. 

MATERIAL AND METHODS 

Literature was selected through a search of PubMed, 
Embase and Cochrane electronic databases. The 
keywords used for search were inferior alveolar nerve 
injury, inferior alveolar nerve injuries, inferior alveolar 
nerve injury implant, inferior alveolar nerve damage, 
inferior alveolar nerve paresthesia and inferior alveolar 
nerve repair. The search was restricted to English 
language articles, published from 1972 to November 
2010. Additionally, a manual search in the major 
anatomy, dental implant, periodontal and oral surgery 
journals and books were performed. The publications 
there selected by including clinical and human anatomy 
as well as physiology studies. 

Aetiological factors of traumatic inferior alveolar 
nerve injury 

Table 1 shows possible aetiological factors of IAN 
injury during the implant placement. Aetiological 
factors of IAN injury depending on the time of incident 
can be classified into intraoperative and postoperative. 
Depending on traumatic mechanism intraoperative 
aetiological factors may be fiarther sub-grouped into - 
mechanical, thermal and chemical and postoperative 
indirect - to thermal stimuli, periimplant infection and 
hematoma with subsequent scaring and ischemia. 
Mechanical traumatic factors are as follows: injection 
needle, implant drill, implant itself or bone debris 
(foreign body) and/or hematoma in the mandibular canal 
(MC) below the implant, scalpel, soft tissue retraction 
instruments. All mechanical factors may evoke direct 
mechanical injury i.e. pressure, encroach, transection, 
or laceration of the nerve. Or in case of partial intrusion 
of the drill or dental implant into MC intraoperative 
as well as indirect nerve injury due to hematoma, 
compression and secondary ischemia. 
Chemical and thermal intraoperative aetiological 
factors will cause direct nerve structures destruction. 
Indirect postoperative thermal and infection aetiological 
factors will cause inflammation, secondary ischemia 
with subsequent degeneration of the nerve structures. 
Hematoma can cause tissue scaring and secondary 
ischemia of neurovascular bundle with subsequent 
nerve degeneration. 
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Table 1. Aetiological factors and mechanism of traumatic inferior alveolar nerve injury [ 21-82 ] 



Intraoperative Postoperative 

Indirect or direct; meclianisni Indirect; meclianism 

aetiological factor aetiological factor 



Traumatic local anaesthesia 


Chemical 

(cytotoxic) injury by 
local anaesthetic 


Indirect; endoneurial oedema, compression 
and secondary ischemia 
Direct; IAN degeneration 


Injection needle trauma to 
epineurial blood vessels 
or inferior alveolar artery 


Indirect; hematoma with reactive 
fibrosis and scar formation, 
compression and secondary ischemia 


Injection needle 


Direct; transection of multiple IAN fibres 
and entire fascicles 


Implant drill 


Partial intrusion into 
MC 


Indirect; hematoma and secondary 
ischemia 


Thermal injury 


Indirect; inflammation of bone and 
IAN with secondary ischemia 


Full intrusion into 
MC 


Direct; mechanical trauma - encroach, 
transection, or laceration and/or 
compression and primary ischemia of IAN 


Chemical 

(cytotoxic) injury by 
irrigation solution 


Direct; IAN degeneration 


Thermal injury 


Direct; IAN degeneration 


Dental implant 


Partial intrusion into 
MC 


Indirect; hematoma or/and deposition 
of debris, compression and secondary 
ischemia 


Infection 


Indirect; inflammation of bone and 
IAN with secondary ischemia 


Implant is too close to 
MC 


Indirect; bone and IAN stress, 
compression with secondary ischemia 


Full intrusion into 
MC 


Direct; mechanical trauma - encroach, 
transection, or laceration and/or 
compression and primary ischemia of IAN 


Chronic stimulation 


Indirect; implant is situated aside of 
or on top of the nerve with chronic 
neuropathy formation 


Wrong operation technique 


Scalpel 


Direct; mental nerve injury or transection 


Soft tissue swelling 


Indirect; mental nerve compression 
caused by soft tissue oedema 


Soft tissue reflection 
and retraction 


Direct; mental nerve injury caused by 
reflection, retraction and pressure 


Soft tissue suturing 


Direct; mental nerve compression caused 
by suture material 



Inferior alveolar nerve injury during traumatic local 
anaesthesia injection 

Profound local anaesthesia during the dental implant 
surgery can drastically reduce patient anxiety during 
the surgery. Local anaesthetics are designed to prevent 
sensory impulses being transmitted from intraoral 
and extraoral areas to the central nervous system with 
minimal effect on muscular tone [21]. Unfortunately, 
the injury of an IAN can occur during a traumatic local 
anaesthesia injection [22]. Although very rare, nerve 
injury after administration of an IAN block was well 
documented [ 23-37 ]. The exact mechanism of the injury 
has yet to be determined [34]> nevertheless. Three main 
theories were proposed. These include direct trauma 
from the injection needle [27,33,38,39], hematoma 
formation [ 24 , 27-29 , 33 ,38,39] and neurotoxicity of the 
local anaesthetic [27,28,31,33, 40-43] . 



One of the oldest theories is that the needle contacts 
the nerve directly, thereby traumatizing the nerve and 
producing a prolonged change in sensation. Performing 
mandibular block the practitioner contacts bone with 
the tip of needle to ensure a proper deposition of local 
anaesthetic and the tip of this needle can become barbed 
[33]. In one study, 78% of the long bevelled needles 
used for conventional mandibular block appeared to 
be barbed at their tips after the procedure, regardless 
of bevel placement [38]. More than two-thirds of these 
needles displayed the more dangerous outward facing 
barb. These barbs can rupture the perineurium, herniate 
the endoneurium and cause transection of the multiple 
nerve fibres and even entire fascicles, especially 
on withdrawal [27,38,39]. Only 1.3 - 8.6% of the 
patients get an "electric shock type" sensation on the 
application of IAN block and 57% of the patients suffer 
fi'om prolonged neuropathy, having not experienced 
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the discomfort on injection, thus this is not a specific 
sign [44]. 

The second theory is the needle may traumatize the 
epineurial blood vessels [27,28,33,38,39]. Haemorrhage 
from the epineurial blood vessels would compress the 
nerve fibres and cause localized neurotoxicity [33,38]. 
The damage could be extended beyond 30 minutes after 
injection [28]. The release of blood and blood products 
from the epineurial blood vessels into the epineurium 
during hematoma formation would lead to reactive 
fibrosis and scar formation, applying pressure to and 
inhibiting the natural healing of the nerve [ 24 , 27 , 29 ,33]. 
The third theory suggests that the anaesthetic itself 
causes localized chemical damage to the nerve, if it is 
injected intrafascicularly or becomes deposited within 
the nerve as the needle is withdrawn [ 33 , 40 , 41 ,45]. 
Chemical nerve injury may be related to specific 
chemical agents and the local anaesthetic components 
(type of agent, agent concentration, buffer, preservative) 
[46]. It was shown, that the 4% prilocaine and 4% 
articaine have caused more injuries per use than 
lidocaine [27,28,31,33,44]. It has been reported that 
54% of the nerve injuries during mandibular block 
(n = 52) were associated with articaine [44]. Articaine 
has been shown to have 21 times more nerve injuries 
when compared with local anaesthetic drugs [27]. 
Similar findings were also reported in the USA and more 
recently in Canada [28,30,33]. Both of the anaesthetics 
are supplied at higher concentrations, which produce the 
greater levels of toxic metabolites after the process of 
metabolism [42,43]. The type of anaesthetic dictates the 
degree of inflammatory reaction to the local anaesthetic, 
lidocaine being the least irritant followed by articaine, 
mepivicaine and bupivicaine [47]. 
Consequently, it has been hypothesized that aromatic 
alcohols produced in the area surrounding the nerves is 
a result of altered local metabolism of the anaesthetic 
[27,28] . As a result, the nerve-blood barrier breaks down, 
and endoneurial oedema follows. It was hypothesized 
that this oedema triggers ischemia as a result of nerve 
attempt to heal. During this period of reperfusion, 
reactive free radicals can cause cytotoxic injury to the 
nerve [42]. Perez-Castro et al, in their in vitro study 
confirmed that increasing the concentration of local 
anaesthetic agent can significantly affect the survival 
rate of neurones [48]. Chemical trauma has been shown 
to cause demyelination, axonal degeneration and 
inflammation of the surrounding nerve fibres within the 
fascicles. However, it is important to know that when 
used properly, local anaesthetics represent the safest and 
most effective drugs in all medicine for the prevention 
and management of pain [49]. 

Torrente-Castells et al. presented a case report of 
patient where on the basis of clinical manifestations and 

http://www.ejomr.org/JOMR/archives/20 1 1/ 1/e l/v2n lei ht.htm 



affected anatomical structures, postulated a skin necrosis 
secondary to vascular spasm of the terminal branches of 
inferior alveolar artery [50]. It was recommended by 
many authors [5J_,52] in the placement of mandibular 
implants, it may be useful for patient to be able to sense 
when the IAN is in danger of being damaged, possibly 
producing permanent paresthesia. The technique of 
local infiltration instead of mandibular block has been 
advocated. However, this technique is not generally 
used, arguing that the bone possesses sensitive 
nerve endings that could cause discomfort during 
the surgery [53]. 

Inferior alveolar nerve injury by implant drill 

The most severe types of injuries are caused by implant 
drills and implants themselves [54]- Sensory IAN 
injuries made by implant drills may be caused by direct 
intraoperative (mechanical and chemical) and indirect 
postoperative trauma (ischemia and thermal stimuli) 
[55]. Many implant drills are slightly longer, for 
drilling efficiency, than their corresponding implants. 
Implant drill length varies and must be understood by 
the surgeon because the specified length may not reflect 
an additional millimetre so called "y" dimension [15]. 
Lack of knowledge about this may cause avoidable 
complications [56]. Damage to the IAN can occur 
when the twist drill or implant encroaches, transects, or 
lacerates the nerve (Figures lA and B). 
Even after the accurate measurement of available 
bone, the nerve injury can occur as the result of over 
penetration of the drill (direct intraoperative mechanical 
trauma) owing to low resistance of the spongy bone; 
this can lead to slippage of the drill even by experienced 
surgeons [54]- It is interesting to know that Ba§a and 
Dilek assessed the risk of perforation of the MC by 
implant drill using density and thickness parameters 
[57]. They investigated whether the resistance of the 
bone surrounding the MC had sufficient density and 
thickness to avoid perforation by implant drills. Study of 
the computed tomography (CT) images of 99 patients, 
whose age ranged between 20 and 79 years, showed 
that overall, average bone thickness in the premolar and 
molar regions was 0.87 ±0.18 and 0.86 ±0.18 mm, 
respectively, whereas the bone density in the premolar 
and molar regions was 649.18 ± 241.42 and 584.44 ± 
222.73 Hounsfield units (HU), respectively (P < 0.001). 
It was concluded that the average density and thickness 
of the bone that surrounds the MC was not sufficient to 
resist the implant drill. The risk of IAN injury can be 
avoided by accurately determine the bone mass around 
the canal and avoidance of use excessive force when 
approaching the canal [57]. 

Another cause of injury to the IAN is the displacement of 
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an implant into canal. For example, in the posterior 
mandible, cancellous bone is more abundant and has 
bigger intratrabecular spaces but less dense than in 
anterior mandible [58,59]. In some cases with low 
density bone, the twist drills may drop into trabecular 
bone spaces during preparation thus leads to the 
displacement of the implants deeper than planned [60]. 
CT-based intraoperative navigation has been 
recommended to minimize the nerve damage [61]. One 
hundred test drillings were carried out on 1 0 standardized 
acrylic lower jaw models with the aid of navigation 
system [61]. An average drilling depth of 6.23 mm and 
a mean distance to the MC of 0.14 mm (s = 0.05) was 
found. Eleven cases showed perforation of the upper 
border of the canal. The average penetration of the MC 
was 0.19 mm. In contrast, Burstein et al. recommended 
using intraoperative periapical radiographs during the 
drilling sequence as an inexpensive and reliable tool, 
allowing the operator to confidently adjust the direction 
and depth of the implant during the placement [62]. 
Most importantly, it helps to avoid the risk of injury to 
the IAN especially in those cases with limited vertical 
alveolar bone. No incidents of postoperative paresthesia 
noted in 2 1 implants that authors placed [62]. Using the 
drills with guards is another option to fully control of 
the drilling depth [54,57]. 

One of possible intraoperative complications is direct 
chemical trauma - alkalinic nerve injuries from irrigation 
of the implant bed during preparation with sodium 
hypochlorite. This solution has not been recommended 
in practice and should be avoided [63]. 
Sensory IAN injuries evoked by partial perforation 
of the MC during the drilling are caused by indirect 
postoperative trauma - secondary ischemia of the IAN 
by haemorrhage into the canal and scaring process, 
rather than direct mechanical trauma by the drill or 
implant itself (Figure IC) [63,64]- 
Thermal stimuli can evoke peri-implant bone necrosis 
and postoperative secondary IAN damage. Nerve tissue 
is thought to be more sensitive to thermal insult than 
bone and it may lead to primary IAN injury (Figures ID 
and E) [65]. The increase in temperature, produced 
by excessive drill speed produces necrosis, fibrosis, 
osteolytic degeneration and an increase in osteoclastic 
activity. The thickness of the necrotic area is directly 
proportional to the amount of heat generated during the 
surgery [66]. Since Eriksson and Albrektsson proposed 
heating of the 47 °C as a maximum limit that bone 
can withstand without necrosis [67,68] since the heat 
generated at 47 °C for five minutes could produce 
20% of bone resorption [67]. However, controversy 
remains about the use of external or internal irrigation 
for cooling. Nonetheless, it is reported no differences 
between the two irrigation systems in a recent study [69]. 
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Figure 1. A = partial implant drill intrusion into mandibular canal 
can cause direct mechanical IAN trauma - encroach, or laceration 
and primary ischemia. 

B = full implant drill intrusion into mandibular canal can cause 

direct IAN transection and primary ischemia. 

C = partial implant drill intrusion into mandibular canal can cause 

indirect trauma due to hematoma and secondary ischemia. 

D = thermal stimuli can evoke periimplant bone necrosis and 

postoperative secondary IAN damage. 

E = thermal stimuli can evoke primary IAN damage. 



Inferior alveolar nerve injury by dental implant 

Sensory IAN injuries made by dental implant may 
be caused by direct intraoperative (mechanical) and 
indirect postoperative trauma (ischemia) or periimplant 
infection [55]. Direct mechanical injury i.e. encroach, 
transection, or laceration of the nerve is related to 
implant intrusion into the MC (Figures 2A and B). 
After direct trauma, when the implant is placed through 
the bony canal, the nerve ending may get retrograde 
degeneration in most of the cases, because the nerve 
running in the canal is a terminal ending of the nerve 
and the size is quite small [70]. Otherwise partial 
implant intrusion into MC can evoke IAN injury due to 
compression and secondary ischemia of corresponding 
neurovascular bundle [ 54 , 71 ]. For example, immediate 
implantation following tooth extraction can sometimes 
cause implant intrusion into MC. Efforts by the surgeon 
to achieve primary stability can lead to unintentional 
apical extension and nerve injury. Re-measurement 
the amount of available bone after tooth extraction 
is recommended especially in those cases of nerve 
proximity since a few millimetres of the crestal bone 
might be lost during the extraction [15]. 
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Figure 2. A = partial implant intrusion into mandibular canal can 
cause direct mechanical IAN trauma - encroach, or laceration and 
primary ischemia. 

B = full implant intrusion into mandibular canal can cause direct 
IAN transection, and/or compression and primary ischemia. 
C = dental implant is too close to the mandibular canal, it can cause 
IAN compression. 

D = partial implant intrusion into mandibular canal can cause 

indirect trauma due to hematoma and secondary ischemia. 

E = partial implant intrusion into mandibular canal can cause 

indirect trauma due to bone debris and secondary ischemia. 

F = "cracking" of the LAN canal roof by its close proximity to 

preparation of the implant bed. It can cause compression and 

primary ischemia. 

Limited evidence exists witli regard to the proper 
distance between the implant and the MC to ensure 
the nerve's integrity and physiologic activity. The 
proper distance should come from evaluation of clinical 
data as well as from biomechanical analyses [72,73]. 
Sammartino et al. created a numeric mandibular model 
based on the boundary element method to simulate a 
mandibular segment containing a threaded fixture so 
that the pressure on the trigeminal nerve, as induced 
by the occlusal loads, could be assessed [72]. They 
found that the nerve pressure increased rapidly with 
a bone density decrease. A low mandibular cortical 
bone density caused a major nerve pressure increase. 
In conclusion, they suggested a distance of 1.5 mm to 
prevent implant damage to the underlying IAN when 
biomechanical loading was taken into consideration 
(Figure 2C). 

The IAN may be affected by perforation of the MC during 
drilling, or positioning the implant close to the canal and 
the subsequent formation of an adjacent hematoma that 
presses against the nerve (Figure 2D) [64]. Khawaja 
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and Renton [63] indicated that "cracking" of the IAN 
canal roof by its close proximity to preparation of the 
implant bed (millimetres) may cause haemorrhage into 
the canal or deposition of debris which may compress 
and cause ischemia of the nerve (Figures 2E and F). 
Furthermore, this constrictive effect on the nerve may 
persist if the implant is left in situ or even if the implant 
is "backed-up" or a shorter implant is placed [63]. 
Sensory IAN injury can be evoked by postoperative 
periimplant infection. Implant periapical lesions are 
infectious-inflammatory alterations surrounding an 
implant apex, and can be caused by a number of 
situations - including contamination at instrumentation, 
overheating of bone, and the prior existence of bone 
pathology [74]. Elian et al. reported a patient with 
typical signs of peri-implantitis and IAN injury [75]. 
The implant was placed in proximity to the mental 
foramen and possibly had traumatized the mental nerve 
since the patient reported an altered sensation in his 
left side. After removal of the implant, a significant 
diminishing of the paresthesia had occurred, described 
by the patient as a 40% improvement [75]. 
Sensory disturbances might also be related to chronic 
stimulation. If the implant is situated aside of or on top 
of the nerve, then the nerve can be stimulated recurrently 
each time when biting or chewing. It is likely that such 
chronic stimulation may therefore end up as chronic 
neuropathy [76]. 

Inferior alveolar nerve injury using wrong operation 
technique 

Injury of the final part of the IAN - mental nerve can 
occur in those cases when an extreme degree of alveolar 
process resorption exists. In such cases, the mental 
foramen was found in the surface of alveolar bone 
and directly under the gums [ 77-79 ]. To avoid direct 
injury with scalpel, the initial incision should be made 
more lingually and a full-thickness flap is elevated until 
the mental foramen is identified [80]- In addition, flap 
reflection or retraction, suturing, soft tissue swelling 
and pressure on the mental nerve area can also cause 
injury to that nerve, resulting in altered sensation after 
surgery [6,9,34,81,82]. 

Related risk factors 

Possible related risk factors can be classified as general 
risk factors, intraoperative and postoperative. 

General risk factors 

All patients must have realistic expectations and also be 
warned of IAN injury. The assessment of risk must be 
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undertaken in order to appropriately advise the patient 
with regard to akemative treatment plans and include 
this possibility in the consent forms [55]. Patient 
must sign informed consent form prior to implant 
surgery [55]. It is important for clinicians to perform a 
neurosensory examination of mandibular nerve function 
before placing the implant to determine whether there 
is pre-existing altered sensation. Great care must 
be taken when selecting possible sites for implant 
placement [56]. The anatomical and radiological risk 
factors related to mandibular vital structures have been 
discussed thoroughly in literature [ 18-20 ]. 
It is well documented for all types of nerve injuries 
that both factors - females and increasing age are 
at the greater risk of neurosensory deficits. In older 
individuals, cell body regeneration has been shown to 
be slower and less dramatic than in younger individuals 
[27,85,89]. 

Intraoperative risk factors 

It is important to know risk factors which can be an 
indicator of possible IAN damage. For example, in case 
of protrusion through the buccal plate or perforation of 
the MC and IAN direct mechanical injury by implant 
drill or injection needle a "sudden give" or an "electric 
shock" type feeling appears for most of the patients 
[63]. 

If there is an inferior alveolar arterial or venous bleed 
it may be advisable not to place the implant and to 
wait two to three days to ensure no nerve damage has 
occurred and then place the implant in granulation 
tissue. However, there is no evidence to support this 
practice yet [63]. 

Slippage of the drill, implant placement deeper than 
planned or bigger diameter implant placement can be 
also characterised as intraoperative risk factors [15]. 

Postoperative risk factors 

The IAN is contained within a bony canal which 
predisposes it to compression and as a result ischemic 
type injury. Persistence of any peripheral sensory nerve 
injury depends on the severity of the injury [ 83-85 ], the 
time elapsed since the injury [86] and the proximity 
of injury to the cell body (the more proximal lesions 
the worst the prognosis) [87]. The more proximal to 
the nerve injury site, the higher the risk of trigeminal 
ganglion cell damage. This often leads to the retrograde 
differentiation effect on the central nervous system [87]. 
Less traumatic injuries often are associated with 
hyperesthesias. In contrast, more severe injuries are 
initially anaesthetic lesions with poor orofacial function 
and associated referred, radiating forms of paresthesia. 
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Although, these may not be painful initially, they may 
eventually lead to dysfunctional chronic neuroma 
formation [83, M]. 

It has been demonstrated that the compression of 
peripheral nerve over 6 hours can evoke nerve fibres 
atrophy [88]. Three months after the IAN injury, 
permanent central and peripheral changes occur within 
the nervous system subsequent to injury, that are 
unlikely to respond to surgical treatment intervention 
[90]. If the injury persists beyond 6 months it is deemed 
to be permanent [86]. 

Classifications of inferior alveolar nerve injury 

In 1943, Seddon described a triple classification 
of mechanical nerve injuries to characterize the 
morphophysiologic types of mechanical nerve injuries 
[91]. Seddon's classification (neuropraxia, axono tmesis 
and neurotmesis) is based on the time course and 
completeness of sensory recovery. LaBanc discussed 
this classification in case of trigeminal nerve injury [92]. 
Neuropraxia is characterized by a conduction block, 
the rapid and virtually complete return of sensation 
or function, and no degeneration of the axon. It may 
be the result of nerve trunk manipulation, traction, 
or compression of a nerve. Trauma of sufficient 
magnitude to injure the endoneurial capillaries causes 
intrafascicular oedema, resulting in a conduction block. 
Normal sensation or function returns within 1 to 2 days 
following the resolution of intrafascicular oedema, 
generally within 1 week following the nerve injury. 
Pressure on the nerve may also result in segmental 
demyelination or mechanical disruption of the myelin 
sheaths. In this case, sensory and functional recoveries 
are complete within 1 to 2 months. The response to this 
type of injury is paresthesia [92]. 
An axonotmesis is characterized by axonal injury with 
subsequent degeneration or regeneration. Traction and 
compression are the usual mechanisms of this XypQ of 
injury. These may cause severe ischemia, intrafascicular 
oedema, or demyelination. Even though the axons are 
damaged, there is no disruption of the endoneurial 
sheath, perineurium, or epineurium. Complete recovery 
can occur in 2 to 4 months, but improvement leading to 
complete recovery may take up as long as 12 months. It 
is important to know that within 2 to 4 months following 
injury there are signs of sensation or function which 
continue to improve over the next 8 to 10 months. 
The psychophysical response to an axonotmesis is an 
initial anaesthesia followed by a paresthesia as recovery 
begins [92]. 

A neurotmesis is characterized by severe disruption of 
the connective tissue components of the nerve trunk 
with compromised sensory and functional recovery. 
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The aetiology of nerve injury is traction, compression, 
injection injury, cliemical injury or in a complete 
disruption of the nerve trunk laceration and avulsion. 
The psychophysical response to these injuries is the 
immediate anaesthesia. It will then follow-up by 
paresthesia or possibly neuropathic responses such as 
allodynia, hyperpathia, hyperalgesia, or chronic pain. 
With this type of nerve injury there is a poor prognosis 
for recovery. For example, sensory and functional 
recovery is never complete and has a high probability 
of development of a central neuroma [92]. 
Sunderland, in 1 95 1 , classified nerve injury based on the 
degree of tissue injury that emphasizes the importance 
of each structural component of the nerve trunk [93]. 
Under his system, first-degree injury, of which there are 
3 types, is similar to Seddon's neuropraxia (Table 2). 
Type 1 results from nerve trunk manipulation, mild 
traction, or mild compression and is thought to 
reflect transient ischemia. If blood flow is restored, 
nerve function usually returns to normal; with more 
prolonged ischemia, permanent injury and anaesthesia 
may occur. Type 2 results from more prominent traction 
or compression that produces intrafascicular oedema, 
decreased blood flow, and a conduction block. Recovery 
is variable. Type 3 injuries result from the severe nerve 
traction or compression causing segmental mechanical 
disruption of the myelin sheaths and demyelination. 
Recovery is delayed and sensory loss may be permanent 
[94]. 

Second-, third-, and fourth-degree injuries correspond 
with Seddon's classification of axonotmesis. 
The afferent or efferent fibres are damaged, but 
endoneurium, perineurium, and epineurium remain 
intact. Surgical decompression may be necessary, 
and recovery requires axonal regeneration. Third- 
degree injury occurs when the intrafascicular tissue 
components (axons and endoneurium) are damaged. 
If there is poor chnical recovery, surgical reconstruction 
may be needed. Fourth-degree injury implies fascicular 



disruption: all components are damaged and only the 
epineurium remains intact. The prognosis is poor, and 
surgical reconstruction often indicated [92]. Fifth- 
degree injury implies nerve transection. Surgical 
approximation and coadaptation may be required [92]. 
Rood correlated histological findings with clinical data 
and found that the clinical sign and symptom is the best 
indicator for reflection of the degree of initial injury 
[95]. If there is complete numbness that improves over 
time, this is indicative of first- or second-degree injury 
according to the Sunderland classification. The presence 
of complete numbness initially does not indicate nerve 
severance [96]. 

Jalbout and Tabourian classified three categories of 
neurosensory alterations during the implant placement 
[97]. These include: 1) neuropraxia (mild injury in 
which feeling is reversed within 4 weeks postsurgery); 
2) axonotmesis (nerve compression, structure remains 
intact, and signs of feeling return 5 to 11 weeks 
postsurgery and continue to improve in the next 10 
months); and 3) neurotmesis (disruption of the nerve 
with poor prognosis for return of feeling) [97]. Many 
nerve injuries that do not fit neatly into this classification 
and are more complicated. For example, a rotating bur 
may not only partially divide but also stretch the nerve. 
Inflammation around the nerve, caused by infection 
or foreign bodies, may also alter neural function and 
increase the pain experienced [98]. 

Clinical symptoms in case of inferior alveolar nerve 
injury 

IAN sensory disturbances should be diagnosed based 
on patients' complaints and clinical symptoms. IAN 
injury can cause paresthesia to complete numbness 
and/or pain [J_5] in the region of the skin of the mental 
area, the lower hp, mucous membranes, and the gingiva 
as far posteriorly as the second premolar [ 99 , 100 ]. 
Furthermore this commonly interferes with speech. 



Table 2. Neurosensory impairment classification according to Sunderland [93] and Seddon [91] 



Sunderland 


Seddon 


Injury 


Neurosensory impairment 


Recovery Potential 


I 


Neuropraxia 


Intrafascicular oedema, conduction block 


Neuritis, paresthesia 


Full (Iday to 1 week) 


Possible segmental demyelination 


Neuritis, paresthesia 


Full (1 to 2 months) 


II 




Axon severed, endoneurial tube intact 


Paresthesia, episodic 
dysesthesia 


Full (2 to 4 months) 


III 


Axonotmesis 


Endoneurial tube torn 


Paresthesia, dysesthesia 


Slow, incomplete (12 months) 


IV 




Only epineurium intact 


Hypoesthesia, dysesthesia, 
neuroma formation 


Neuroma- in-continuity 


V 


Neurotmesis 


Loss of Continuity 


Anaesthetic, intractable 
pain, neuroma formation 


None 


VI 




Combination of above 


Combination of above 


Unpredictable 
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eating, kissing, make-up application, shaving and 
drinking [8]. 

These ahered sensations can be categorized as 
anaesthesias, paresthesias or dysesthesias [28,31, 
33 , 35 ,40, 92 , 101 ]. Anaesthesias represent the total 
absence of sensation, including the pain. Paresthesias 
(formication) encompass a broader category of abnormal 
sensations, such as "pins and needles," which may not be 
unpleasant. There are also hypoesthesias who represents 
diminished sensitivity to stimulation, excluding special 
senses and hyperesthesia - a condition that involves 
an abnormal increase in sensitivity to stimuli of the 
senses. Dysesthesias represent a form of spontaneous or 
mechanically evoked painful neuropathy. This category 
can encompass hyperalgesia (a rapid and exaggerated 
painful response to non painful stimuli), hyperpathia 
(a delayed and prolonged pain response), sympathetic 
mediated pain (pain that is worsened by increasing 
sympathetic tone) and anaesthesia dolorosa (pain in an 
area of anaesthesia), allodynia (pain due to a stimulus 
that does not normally provoke pain) [ 92 , 101 ]. 
The Association for the Study of Pain has standardized 
a nomenclature system that defines the most frequently 
used neurosensory descriptive terms [ 102 ] (Table 3). 

Methods for function assessment of the inferior 
alveolar nerve 

Clinicians should document any unusual response (such 
as "sudden give" or an "electric shock" type feelings) 
during the administration of local anaesthetic or during 
the surgery [56>63]. In every case, after dental implant 
operation in distal mandible, each patient should be 
contacted after the local anaesthetic has worn off. A 
simple phone call 6 hours postsurgery will enable 
the surgeon to ascertain from the patient whether the 
analgesic effects of the local analgesia have worn off 
and if neuropathy is present [63]. 
If a nerve injury is suspected, the clinician should 



perform a basic neurosensory examination of the 
neuropathic area and ascertain whether the patient 
experiences pain, altered sensation or numbness 
and document the findings within the day of surgery 
(when the effects of anaesthetic should have worn 
off) [56,63]. The clinician should map any area of 
neurosensory deficit and photograph it to compare 
with future photographs. The purpose of the sensory 
diagnostic evaluation is to document whether or not 
a neurosensory disturbance exists, to quantitate the 
disturbance, to monitor sensory recovery, to determine 
whether or not microreconstructive surgery may be 
indicated, and to monitor sensory recovery following 
microreconstructive surgery [ 86 , 103 , 104 ]. 
The methods of evaluation of the neurosensory function 
of the lower lip and chin has varied widely, irom pure 
patient questioning to sophisticated, high-technological 
examination modalities [ 105 ]. The most sensitive 
indicator of a sensory abnormality is the patient's own 
subjective report, as minor sensory disturbances may 
not be detected by testing [ 106 ]. Otherwise, many 
authors have highlighted the particular discrepancy 
between these subjective quantitative methods (what 
pressure? how many millimetres?) and the patient's 
subjective qualitative reports (pain, altered sensation 
or disability), particularly as the patient's complaints 
are the driving-force behind the patient seeking further 
advice or treatment for their injury [81]. Although there 
have been numerous studies evaluating trigeminal 
neurosensory disturbance due to maxillofacial surgery, 
there seems to be no consensus as to the ideal choice of 
methods with which to measure such impairments. 
Currently, the diagnosis of sensory disturbances of the 
IAN is based on subjective clinical sensory testing and 
objective sensory tests (Table 4). 

Subjective clinical sensory testing 

Clinical sensory testing is still most popular 



Table 3. Description of neurosensory impaiment deficits [ 102 ] 



Anaesthesia 


Total loss of feeling or sensation 


Dysesthesia 


Abnormal sensation which is unpleasant 


Allodynia 


Pain due to a stimulus that does not normally provoke pain 


Hyperpathia 


Abnomally painfijl reaction to a stimulus 


Causalgia 


Persistent burning pain 


Anaesthetic dolorosa 


Pain in an area that is anaesthetic 


Paresthesia 


Abnormal sensation that is not unpleasant 


Hypoesthesia 


Decreased sensitivity to stimulation 


Hyperesthesia 


Increased sensitivity to stimulation 


Hypoalgesia 


Decreased response to a stimulus that is normally painfiil 


Hyperalgesia 


Increased response to a stimulus that is normally painful 


Synesthesia 


Sensation felt in an area when another area is stimulated 
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Table 4. Subjective clinical sensory testing methods description and IAN structures assessed [ 103 . 105-116 ] 



Name of test 


Description 


Structure assessed 


Mechanoceptive 


Static light touch detection 


Patient is asked to tell when he/she feels light touch on the face and to 
point to the exact location 


Myelinated afferent A-beta 
axons 


Brush directional 


Patient is asked to tell when he/she feels the brush and to determine 


Large A-alpha and A-beta 


discrimination 


the direction of movement 


myelinated axons 


Two-point discrimination 
(sharp) 


Patient is asked to determine single and 2 points of touch. The examiner 
uses any 2 sharp instruments by which the patient can change the 


Small myelinated A-delta 
and unmyelinated C-afferent 


distance between them 


fibres 


Two-point discrimination 
(blunt) 


Patient is asked to determine single and 2 points of touch. The examiner 
uses any 2 blunt instruments by which the patient can change the 
distance between them 


Larger myehnated A-alpha 
afferent fibres 


Nociceptive 


Pin pressure nociception 


Patient is asked to deteraiine the feehng of a pin prick 


Free nerve endings and the 
small A-delta and C-fibres 


Thermal discrimination 
(warm) 


Patient is asked if he/she feels heat 


A-delta fibres 


Thermal discrimination 
(cold) 


Patient is asked if he/she feels cold 


C-fibres 



in the daily practice. Clinical neurosensory testing can 
be divided into two basic categories, mechanoceptive 
and nociceptive, based upon the specific receptors 
stimulated through cutaneous contact. Mechanoceptive 
tests include static light touch, two-point discrimination 
and brush stroke direction. Pin tactile discrimination 
and thermal discrimination are nociceptive tests. Each 
test assesses specific categories of the receptors and 
axons [ 103 ]. 

Mechanoceptive tests 
Static light touch detection 

The static light touch detection assesses the integrity 
of the cells, which are innervated by myelinated 
afferent A-beta axons. These receptors adapt slowly, 
and their putative sensory modality is pressure. The 
large myelinated A-beta fibres are highly susceptible to 
compression injury. The patient closes his eyes and says 
"yes" whenever he feels a light touch to the face and 
points to the exact spot where he felt the touch. 

Brush directional discrimination 

This is a test of proprioception and assesses the integrity 
of the large A-alpha and A-beta myelinated axons. The 
sensory modalities for these receptors are vibration, 
touch and flutter The patient tells if any sensation is 
detected and in which direction the filament or brush 
moved. 



Two-point discrimination (2-P) 

This is a test which assesses the quantity and density 
of fiinctional sensory receptors and afferent fibres. If 
sharp points are used, the small myelinated A-delta 
and unmyelinated C-afferent fibres are assessed. 
If blunt points are used, the larger myelinated 
A-alpha afferent fibres are assessed. 2-P is measured 
with any instrument with which the distance 
between two points can be altered. With the patient's 
eyes closed the test is initiated with the points essentially 
touching so that the patient is able to discriminate only 
one point. The normal values vary a lot, the average 
value being around 5 mm [ 107 ]. 

Nociceptive tests 

Pin pressure nociception. 

This test assesses the free nerve endings and the small 
A-delta and C-fibres that innervate the Iree nerve 
endings responsible for nociception. For this test the 
most common instrument is algesimeter. This instrument 
is made from a needle and an orthodontic strain gauge. 
The sharp point of the needle is used to test nociception 
and the blunt end to test for pressure detection. The 
magnitude of force necessary to feel the sharpness of the 
unaffected area is recorded as the nociceptive threshold 
for the affected area. The normal values also vary a lot in 
this test, but 1 5 gm is considered to be an adequate force 
to elicit this response [ 108 ]. An exaggerated response to 
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pin pressure relative to an unaffected area is defined as 
hyperalgesia. A reduced response (touch) relative to an 
unaffected area is hypoalgesia. No response is defined 
as anaesthesia. 

Thermal discrimination 

Thermal discrimination is a usefial test of sensation but 
is not essential. It assesses also the integrity of small 
myelinated and unmyelinated fibres similar to those 
tested with pin pressure nociception. Warmth sensation 
is attributed to A-delta fibres and cold to C-fibres. 
Different instruments are available for thermal testing, 
including thermodes and Minnesota Thermal Disks, as 
well as ice, ethyl chloride sprays, acetone, and water 

Other subjective clinical sensory tests 

Diagnostic nerve block 

Diagnostic nerve block is one part of the diagnostic 
evaluation when pain is a symptom. The purpose of 
this test is to aid in determining the mechanism of pain, 
locating the source of the pain, identifying the pain 
pathway, and determining the prognosis for decreasing 
or eliminating the pain. If the block relieves the pain, 
then microreconstructive surgery usually offers a 
favourable prognosis. 

Objective sensory tests 

Trigeminal somatosensory evoked potentials 

Trigeminal somatosensory evoked potentials is an 
electrophysiologic method of evaluating the trigeminal 
pathway. The potential changes of cerebral origin will be 
detected on the scalp in human subjects after electrical 
stimulation of peripheral nerves [ 109 ]. The central 
nervous system response is recorded by signal averaging 
the electro encephalogram. Stimulating electrodes are 
applied to the cutaneous region to be tested and recording 
electrodes are apphed to the scalp. The responses are 
analysed and plotted by a signal averaging system. The 
resultant response plot is analyzed for the peak latencies 
and amplitudes. However, contemporary devices have 
many disadvantages including contamination with 
undesirable myographs and artefacts in a record, 
recording difficulties, and varying clinical techniques 
[ 105 . 1101 . 

Orthodromic sensory nerve action potentials 

Another method to monitor the function of the IAN is 
orthodromic sensory nerve action potential recording 
[ 111 , 112 ]. It is used routinely in combination with 
electromyography to assess peripheral nerve function. 



The recording electrode is inserted beneath the 
zygomatic arch in iront of the temporomandibular joint, 
as near to the mandibular branch of the trigeminal nerve 
as possible. The stimulating needle tips are inserted at 
the mental foramen as close to the nerve as possible. 
Onset latencies of the sensory nerve action potentials 
and the amplitudes are recorded. Furthermore, the 
nerve conduction velocity of the IAN is calculated 
[ 103 ]. Colin investigated conduction velocity data for 
the uninjured human IAN, and determined if there are 
differences in the inferior alveolar conduction velocities 
for either side or for gender [ 113 ]. The mean maximal 
conduction velocity was 65.0 m/s, with no differences 
shown for right or left sides or for gender. There was a 
slight decrement in conduction velocity with age. It was 
concluded that conduction velocity testing of the IAN in 
health, injury, and after repair is feasible and practical. 

Blink reflex 

Since the introduction of a method for electrically 
elicited bhnk reflex by Kugelberg, the physiology and 
anatomy of this cranial reflex has been under extensive 
study [ 114 ]. Jaaskelainen and co-workers published the 
first study concerning the blink reflex with stimulation 
of the mental nerve [ 115 ]. In this technique, the active 
recording electrodes are placed on the outer border 
eyelids on the orbicularis oculi muscles on the both 
sides. Reference electrodes are fixed on both sides of 
the nose. A ground electrode is wrapped around the arm. 
The blink reflexes are elicited by electrical stimulation 
with a small bipolar surface electrode with 10 mm 
interelectrode distance. The stimulating cathode is 
placed on the vermilion border of the lower lip midway 
between the midline and the comer of the mouth, the 
anode lay below on each side. Stimulation of the mental 
nerve is made with a larger bipolar surface electrode 
between the stimulating cathode and the anode. The 
blink reflex responses are recorded simultaneously on 
both sides. Blink reflex proved to be a sensitive test 
in detecting IAN lesions within 2 to 3 months from 
injury [ 116 ]. 

Patient with dental implant placement in mandible 
and inferior alveolar nerve injury management 

Table 5 shows nine stages to prevent IAN injury as 
well as management of nerve injury if injury did occur 
in patients with dental implant treatment. These are 
guidelines that cover all phases of treatment. Below is a 
detailed description of these steps. 

Stage I - the record of general risk factors 

All patients must have realistic expectations and 
also be warned of the IAN injury. They must sign 
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Table 5. Guidelines to prevent IAN injury as well as management of nerve injury if injury did occur in patients with dental implant treatment 



Stages IAN injury management procedures 



I stage 

General risk factors 
identification 


Record of general risk factors. Patients must sign infomied consent form. Clinicians must perfom a 
neurosensory examination of mandibular nerve function before placing the implant. It should be taken on 
account the age and gender of the patient, anatomical and radiological risk factors in operation planning. 


II Stage 

Intraoperative risk 
factors identification 


Record of intraoperative risk factors. If present, patient is immediately assigned to IAN injury patient group. 


III Stage 

Patient complaints 
identification 


Contact with patient after local anaesthesia wears off. If patient has any complaints related with 
corresponding IAN sensory disturbances, patient is immediately assigned to IAN injury patient group. 


IV Stage 

Postoperative 
examination, 
postoperative risk 
factors evaluation and 
diagnosis statement 


Neurosensory examination for assessment of the severity of the lesion. Neurosensory deficit area mapping 
and photographing it to compare with fiature photographs. 

Radiographic examination for localization of the lesion documentation and confirmation whether INA injury 
has been caused by the implant. 

Postoperative risk factors evaluation it is important to evaluate severity of the injury, the time elapsed since 
the injury and the proximity of the injury to the cell body. 

Diagnosis statement based on patient complaints, IAN neurosensory and radiographic examination results. 


V Stage 

Treatment 


Psychological treatment: immediate infomiation, explanation, support. 

Physiological treatment: implant removal when implant is in any contact with mandibular canal or there are 
symptoms of IAN sensory deficit. 

Cleaning of any irritant (bone debris, hematoma) in close approximation to the neurovascular bundle if possible. 
Medicament treatment: three weeks course of steroids and NSAIDs. 

Topically 1 ml of intravenous fomi of dexamethasone (4 mg/ml). 

Oral dexamethasone 4 mg 2 tablets AM for 3 days and 1 tablet AM for next 3 days or oral prednisolone 
1 mg per kg per day (maximum 80 mg). 

Alternatively or as an adjunct high dose of NSAIDs medication (such as ibuprofen [800 milligrams] 
three times per day). 

Cryotherapy: the paraneural tissues should have ice applied intensely for the first 24 hours postoperatively 
and then episodically for the first week. 
Additional treatment: 

pharmacologic agents include antidepressants, anticonvulsants, antisympathetic agents, and topical 
medications. 

physiologic therapies can be indicated and prescribed by a nerve specialist. This treatment include 
transcutaneous electric nerve stimulation, acupuncture, and low level laser therapy. 


VI Stage 

1 week postoperative 
examination 


Neurosensory examination: for monitoring of the IAN sensory function recovery. Neurosensory deficit area 
mapping and photographing it to compare with previous photographs. If paresthesia is present, neurosensory 
examination should be continued every week for 3 weeks and later every 2-3 weeks for 12 weeks. 
Clinical examination: for assessment of postoperative area healing, hematoma, oedema reduction. 


VII Stage 

1 week postoperative 
treatment 


Psychological treatment: patient should feel psychological support. 

Medicamental treatment: oral NSAIDs medication (such as ibuprofen [800 milligrams] three times per day) 
should be continued for 3 weeks. 

If necessary additional 3 weeks of NSAIDs may be prescribed during 12 weeks postoperation. 
Microneurosurgical treatment: if IAN transection was observed intraoperatively or if there is dysesthesia or 
complete anaesthesia in innervation zone, referral to a microneurosurgeon is indicated. 
Aditional treatment: pharmacologic, physiologic therapies can be prescribed if indicated. 


VIII Stage 

12 weeks postoperative 
examination 


Neurosensory examination: for monitoring of the IAN sensory function recovery. Neurosensory deficit area 
mapping and photographing it to compare with previous photographs. 


IX Stage 

12 weeks postoperative 
treatment 


Medicament treatment: can be prescribed according to indications. 

Microneurosurgical treatment: should be prescribed if there are no signs of improvement. 
Aditional treatment: pharmacologic, physiologic therapies can be prescribed if indicated. 



http://www.ejomr.org/JOMR/archives/20 1 1/ 1/e l/v2n lei ht.htm 



J Oral Maxillofac Res 201 1 (Jan-Mar) | vol. 2 | No 1 | el | p.l2 
(page number not for citation purposes) 



JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH 



Juodzbalys et al. 



informed consent form [55]. Clinicians must perform a 
neurosensory examination of mandibular nerve function 
before placing the implant to determine whether there is 
pre-existing altered sensation [56]. It should be taken on 
account the age and gender of the patient because it is 
well documented for all types of the nerve injuries that 
both factors - females and increasing age are at greater 
risk of neurosensory deficits. In older individuals, cell 
body regeneration has been shown to be slower and less 
dramatic than in younger individuals [27,85,90]. 

Stage II - the record of intraoperative risk factors 

Taking on account that pain ("sudden give" or an 
"electric shock") and arterial or venous bleed induced 
during local anaesthesia or bone preparation is not 
always persisting during the IAN injury, all patients 
should be contacted after local anaesthesia wears off 
[33]. Since studies have demonstrated that an "electric 
shock" sensation is not indicative of the permanent 
nerve injury, but damage to the nerve may occur even 
with a small needle contact [28,33]. 

Stage III - patient complaints identification 

If a nerve injury is suspected, the clinician should record 
the patient's complains related to altered sensation 
and perform a thorough neurosensory examination 
documenting the results the day after surgery, but not 
later then 36 hours (when the effects of anaesthetic 
should have worn off) [63]. If patient has any complaints 
related with corresponding IAN sensory disturbances, 
patient is immediately assigned to IAN injury patient 
group. 

Stage IV - postoperative examination and diagnosis 
statement 

As mentioned earlier, nerve injury can occur for 
many reasons. For appropriate management, the exact 
cause of injury, accurate localization of the lesion and 
assessment of severity of the lesion 
are very important in selecting the 
appropriate management strategies [16]. 
The clinician should map any area of 
neurosensory deficit and photograph it 
to compare with future photographs [56] 
or refer to specialist for proper timely 
management. Radiographic examination 
is essential for localization of the 
lesion documentation and confirmation 
whether INA injury has been caused by 
the implant. Computed tomographic (CT 
or CBCT) images are more consistent 
with direct measurements in comparison 
with panoramic radiographs (Figure 3) 
[ 20 , 117 ]. CBCT reformatted panoramic 



images has been shown to outperform the digital 
panoramic images in the identification of the MC 
[ 118 , 119 ]. Once, the nerve injury is confirmed, the 
clinician must inform the patient of IAN injury and start 
to treat or make a timely referral to an appropriately 
trained microneurosurgeon [ 63 , 120 ]. 

Stage V- treatment 

IAN injuries have a significant negative effect on the 
patient's quality of life and the iatrogenesis of these 
injuries compounds the negative psychological effects 
for these injuries [10]. Patients need psychological 
treatment: immediate information, explanation, support 
and realistic expectations from the treatment. 
Physiological treatment includes removal of the 
implant, within 36 hours postsurgery [63], when it is 
in any contact with or causing pressure to the MC to 
prevent permanent damage [15, 63 , 120 ]. Subsequently, 
any irritants (bone debris, hematoma) in close 
approximation should be removed to allow faster 
dispersion of the haemorrhage/debris [12]. No bone 
grafting materials should be placed in the osteotomy 
site, because it may invade the MC and interfere with 
nerve repair [14]. If the implant causing the problem is 
already osseointegrated, it can be removed by a trephine 
drill. As an alternative, an apicoectomy of the implant 




Figure 3. A = the orthopantomograph, B and C = cone beam computed tomography 
shows full dental implant intrusion into mandibular canal in 35 jaw dental segment 
region. There is direct mechanical trauma - IAN transection. 
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can be done, if feasible [52]. Medicament treatment or 
the pharmacologic therapies for acute nerve injuries 
include the use of corticosteroids and nonsteroidal 
anti-inflammatory drugs (NSAIDs). The use of 
adrenocorticosteroids has been shown to minimize 
neuropathy after nerve injuries if administered in high 
doses within 1 week of the injury [ 121-123 ]. In addition, 
adrenocorticosteroids have been shown to inhibit axon 
sprouting centrally and ectopic discharges from injured 
axons and prevention of neuroma formation [ 124 , 125 ]. 
If during the surgery, known or observed trauma 
(including traction or compression of the nerve trunk) 
has occurred, the topical application of dexamethasone 
is suggested. One to two millilitres of the intravenous 
form of dexamethasone (4 mg/ml) maybe topically 
applied for 1 to 2 minutes. The direct application of 
adrenocorticosteroids will reduce neural inflammation 
and reduce compression from swelling, which may 
enhance recovery from neurosensory deficits [14]. 
The injury of peripheral nerve leads to neural sheet 
oedema and microcirculation disturbances because of 
traumatic inflammation [92]. To control inflammatory 
reactions in the injured nerve, a course of oral steroids 
can be prescribed. Oral dexamethasone 4 mg 2 tablets 
AM for 3 days and 1 tablet AM for next 3 days or oral 
prednisolone 1 mg per kg per day (maximum 80 mg) 
can be indicated [15,16]. As an alternative or adjunct 
would be a large dose of NSAIDs drugs (such as 800 
mg ibuprofen) 3 times daily for 3 weeks. If the situation 
improves, the clinician can prescribe another course of 
anti-inflammatory drugs [56]. Perceptions of pain and 
temperature are usually the first 2 sensations to recover, 
whereas other sensations may take longer [ 126 ]. 
Cryotherapy should be applied extraorally to most 
implant and bone graft sites, but especially when 
nerve injury is suspected. The paraneural tissues 
should have ice applied intensely for the first 24 hours 
postoperatively and then episodically for the first week 
[ 16 ] . Cryotherapy has been shown to minimize secondary 
nerve injury from the oedema-induced compression, 
decrease the metabolic degeneration rate of trigeminal 
ganghon cells from undergoing degeneration, and slow 
potential neuroma formation [ 127 ]. Ice, when applied 
to the tissues, has been shown to significantly improve 
postsurgical recovery [16]. 

In some complicated cases additional pharmacologic 
agents can be prescribed. They include antidepressants, 
anticonvulsants, antisympathetic agents, and topical 
medications. Additional physiologic therapies, such 
as transcutaneous electric nerve stimulation [ 128 ], 
acupuncture [ 129 ], and low level laser therapy [ 130 ], 
can be indicated and prescribed by a nerve speciahst. 

Stage VI- 1 week postoperative examination 

At 1 week postoperative examination clinician should 
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make clinical assessment of postoperative area healing, 
hematoma or oedema reduction and monitor IAN 
sensory function recovery. If paresthesia is present, 
neurosensory examination should be continued every 
week for 3 weeks and later every 2-3 weeks for 12 
weeks. 

Stage VII - 1 week postoperative treatment 

At this stage of treatment patient should feel the 
psychological support. Medicament treatment of oral 
NSAIDs medication (such as ibuprofen [800 milligrams] 
three times per day) should be continued for 3 weeks. 
If necessary, the additional 3 weeks of NSAIDs may be 
prescribed later during 12 weeks postsurgery. Additional 
pharmacologic, physiologic therapies can be prescribed 
if indicated [56]. 

If IAN transection was observed intraoperatively 
or if there is dysesthesia or complete anaesthesia in 
innervation zone, referral to a microneurosurgeon and 
microneurosurgical treatment is indicated [ 131 ]. 
Patients who experience troublesome prolonged 
alteration in sensation may be candidates for treatment 
based loosely on the inclusion criteria for nerve injuries 
sustained by surgical procedures. The selection criteria 
of some authors include anaesthesia for 2 to 3 months 
with no improvement, paresthesia for 4 to 6 months 
with no improvement for 2 months or dysesthesias 
of minimum duration 2 to 3 months [31]. In contrast, 
Jones claimed that primary repair at the time of injury 
is the best time to repair the nerve, but it is often a 
closed injury and the operator does not know the nerve 
is injured until or after the operation [ 132 ]. Early 
secondary repair at about three months after injury is 
the most accepted time frame for repair. However, it is 
also thought that a reasonable result can be obtained at 
a later time [ 133 ]. According to Ziccardi et al., patients 
undergoing trigeminal nerve microsurgery for IAN 
injuries, 6 months after injury, derived less sensory 
recovery [84]. It is also, generally accepted, that the 
best results will be obtained with a direct anastamosis 
of the two ends of the nerve to be repaired. Variable 
results can be achieved with decompression involving 
external and internal neurolysis, excision with direct 
anastomosis or excision with placement of a nerve 
graft (including autogenous sural, greater auricular and 
medial antebrachial nerve grafts [ 29 , 101 ], saphenous 
vein grafts [ 17 , 134 ], and alloplastic Gore-Tex (W. L. 
Gore & Associates, Inc., Flagstaff, AZ, USA), collagen 
and polyglycohc acid tubes [ 29 , 132 , 135 ]. Successful 
surgical intervention, when indicated, is generally 
agreed to be most predictable if performed before 
the onset of Wallerian degeneration (approximately 3 
months) [56,101,29]. 

Strauss et al. concluded that 50% of the patients 
who underwent microsurgical repair of the IAN 
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reported significant improvement, 42.9% reported 
slight improvement, and only 7.1% reported no 
improvement [ 124 ]. They also reported that highly 
significant improvements were achieved after 1 year 
of microsurgical intervention. Similarly Bagheri et 
al. concluded that microsurgical repair of peripheral 
branches of the trigeminal nerve injured by maxillofacial 
trauma produced significant improvement or complete 
recovery in 36 (86%) of 42 patients [ 136 ]. 

Stage VIII - 12 weeks postoperative examination 

Clinician should continue the same neurosensory 
examination for the patients with persisting IAN sensory 
Sanction impairment. 

Stage IX - 12 weeks postoperative treatment 

Medicament treatment can be prescribed according to 
indications. For patients with no signs of IAN sensory 
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function improvement, microneurosurgical treatment 
should be prescribed. 

CONCLUSIONS 

Damage of inferior alveolar nerve during dental implant 
placement can be a serious complication. Clinician 
should recognise and exclude aetiological factors 
leading to nerve injury. Proper presurgery planning, 
timely diagnosis and treatment are the key to avoid 
nerve sensory disturbances management. 
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